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Introduction
The retinal circulation is unique as it allows a direct and non-invasive window to the health of the human circulation in vivo. Large epidemiologic studies have shown that retinal microvascular signs (e.g., arteriovenous nicking, focal arteriolar narrowing, and measurement of static retinal vascular calibre) provides information on risk of vascular complications, cardiac events and stroke in the general population [1] [2] [3] [4] [5] [6] .
The mechanisms and pathways underlying these associations remain, however, unclear. Advances in retinal vascular imaging technology have allowed retinal microvascular function, a nitric oxide dependent phenomenon, to be evaluated in "real time" by non-invasive dynamic assessment of retinal vascular dilatation in response to diffuse luminance flicker light using the Dynamic Vessel Analyzer (DVA) 7 . There are limited data on how static retinal microvascular signs are correlated with retinal microvascular endothelial function, particularly in subjects with or at risk for coronary heart disease 8 . Understanding the associations between static and dynamic retinal vascular markers may help in further developing a diagnostic tool capable of early detection of atherosclerosis, and assist in risk stratification of patients with cardiovascular disease.
To address these gaps, we sought to examine the feasibility of measuring retinal microvascular endothelial function using the DVA in patients with or at risk of coronary artery disease, and to study the inter-relationship between retinal vascular structure and function.
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Materials and methods
Study population and patient preparation
The study was approved by the Human Research Ethics Committee of Austin Health and written informed consent was obtained from all subjects. All participants (n = and 95% of differences are less than two standard deviations.
Statistical analysis
Continuous variables were expressed as mean ± SD and categorical variables were expressed as count (%). Data were assessed for normality using the Shapiro-Wilk test and found to be normally distributed. 
Results
Reproducibility and association between eyes
The characteristics of the study population are displayed in Table 1 Reproducibility was similar in the left and right eyes.
The association in static and dynamic vascular measurements between the right and left eyes are displayed in Table 2 . There is a modest and statistically significant association between parameters from right and left eyes (p < 0.001). Figure 3A demonstrates the relationship between FI-RAD in the left and right eyes. Differences between eyes were similar in patients with established coronary disease or risk factors alone with correlation coefficients of 0.548 and 0.572 respectively.
Relationship between static and dynamic retinal parameters
Smaller BL-RAD was associated with larger FI-RAD ( Figure 3B ). In the overall study population, for each 10µm decrease in BL-RAD, the absolute increase in FI-RAD was 0.28% (95% CI 0.11, 0.45; p = 0.002) independent of age, gender, mean blood pressure, pulse pressure, BMI, smoking, dyslipidaemia, serum glucose, cholesterol level and medication use.
In addition to baseline diameter, age and serum glucose levels were associated with When stratified according to gender, the association between BL-RAD and FI-RAD was stronger in females than males (r = -0.26; p = 0.020 vs r = -0.12; p = 0.106).
Stratification by statin therapy was also assessed and the association between BL-RAD and FI-RAD was found in patients on statin therapy compared to those who were not on statin therapy (r = -0.28; p = 0.001 vs r = 0.01; p = 0.984 respectively).
When stratified according to age (≤ 60 years or > 60 years), the association between BL-RAD and FI-RAD was similar (r = -0.17; p = 0.067 vs r = -0.17; p = 0.044).
Smaller BL-RVD was associated with larger FI-RVD. For each 10µm decrease in BL-RVD, the absolute increase in FI-RVD was 0.15% (95% CI 0.01, 0.28; p = 0.037).
When stratified according to gender and age, the association between BL-RVD and FI-RVD was no longer statistically significant in either group. When stratified by statin therapy, it was found that the association between BL-RVD and FI-RVD was 
Relationship between dynamic parameters and severity of coronary disease
Whether retinal vascular reactivity differs according to severity and extent of coronary disease is unknown. To examine this question in our study population, we analysed the group of patients with coronary disease who had coronary revascularisation procedures (n=74). An analysis was undertaken making the assumption that patients undergoing CABG have more severe and extensive disease than those undergoing percutaneous coronary intervention. There was no difference between these groups. FI-RAD was 1.62±1.52% vs 1. vessel diameter [16] [17] [18] . Refractive errors and intraocular pressure may also have been different between eyes and this may add some variation to retinal vessel diameter and dilator response 19 . However, this would not be expected to affect the relationship between retinal vascular changes and atherosclerosis risk factors 20 . Grader variability may also introduce further variation 21 . As we have shown in our studies, the right eye was more likely to have AVN and FAN than the left eye and although this was not statistically significant, these differences might contribute to the variation of dynamic retinal vascular response to flicker light between eyes. Dissimilarity in retinal vascular changes may also be related to biological differences. Endothelial dysfunction may affect the vascular tree in a heterogeneous manner and may also be different within segments of the same vessel due to local vascular factors such as branching, tortuosity 22 , and local pathology resulting in disturbances in flow patterns and occurrence of shear stress.
Such regional variability in vasomotion within the same vessel has been described in the coronary circulation 23 . In other circulatory beds, variations in response have also been noted. For example, differences between right and left carotid IMT have been detected and are modest with a correlation coefficient of 0.25 -0.43, which is lower than in our study 24 . In addition, heterogeneity has been described for the phenomenon of FMD within and between conduit arteries, which may be related to differences in baseline arterial diameter 25 .
Baseline retinal vascular diameter measured by the DVA was smaller than retinal vessel calibre measured from retinal photographs. This is a consequence of the Previous work has shown that FAN and AVN are markers of microcirculatory dysfunction, inflammation and perhaps endothelial dysfunction 30 , which may explain the association with impaired retinal microvascular endothelial function observed in our study.
There was no difference in FI-RAD and FI-RVD according to severity of obstructive coronary disease when assessed using a surrogate measure of coronary disease severity. We have reported a similar lack of association between severity of coronary artery disease with static retinal vascular calibre in a previous study 31 . 7 . This suggests that other pathways of vasomotion, which may or may not be dependent on the endothelium, and perhaps alternative factors like neuronal degeneration might also be responsible 33 . An electroretinogram, which is a mass electrical response of the retina to photic stimulation, may be able to overcome this limitation and differentiate between retinal vascular and neuronal response mechanisms 34 .
Study limitations.
An endothelial function test that is accurate and easy to perform would be of value to overcome some limitations that exist in current techniques as described in detail 
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Highlights
• Retinal microvascular endothelial function was assessed by Dynamic Vessel Analyzer (DVA)
• The DVA measurements are reproducible in patients at risk of coronary artery disease
• Right and left eyes respond in a similar manner
• Smaller retinal vessels were associated with an increased flicker response
• Retinal microvascular structure changes was associated with reduced flicker response
